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SUMMARY 
Convective heat-transfer coefficients have been evaluated from skin 
temperatures measured along the body of a research model designated 
NACA RM-10. The general shape of the body is a parabola of revolution 
of -fineness ratio 12.2. 
Heat-transfer data are presented for a Mach number range of 1.0 
to 3 .6 and for a Reynolds number range of 6 X 106 to 150 X 106 based on 
axi al distance from the nose to the point at which the temperature meas -
urements were made. 
The heat-transfer data are presented as the Nusselt number divided 
by the cube root of the Prandtl number, expressed as a function of 
Reynolds number. The data from four flight tests are in agreement with 
the equation for turbulent heat-transfer measurements which was derived 
from previous flight tests of two RM-10 models. 
The heat transfer is also correlated with a compressible-flow theory 
for turbulent heat transfer which uses the boundary-layer thickness as 
the length parameter in the Nusselt and Reynolds numbers. The data were 
also in agreement with this theory. 
The measured recovery factors were lower than those predicted by 
theory for turbulent boundary layer. 
The relationship of heat transfer to skin friction was investigated 
by comparing the heat transfer of the present investigation with the 
measured skin-friction results obtained from additional flight tests 
of this model. 
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INTRODUCTION 
The theory of aerodynamic hea ting for a turbulent boundary l ayer a t 
supersonic speeds is a s yet in its formative stage . A need exists for 
experimental measurements under full - scale, free - flight conditions t o a id 
in the development of theory a s well as provide design data for supersonic 
airplanes and guided missiles . Most experimenta l heat - transfer investi-
gati ons have been done in wind tunnels utilizing steady-state conditions 
and l ow stagnation temperatures (for example, refs. 1 and 2); however, 
some experimental work has been done in free flight for transient condition 
a long a trajectory (for example, refs. 3 and 4) . Flight tests provide 
high adi abatic wall tempera ture (or large forcing function); this makes 
the corrections for radiation and conduction along the body small compared 
with the large heat flow from the boundary to the skin. The results pre -
sented herein are an extension of the da ta shown in reference 4 for higher 
Mach numbers and different Reynolds number. 
In order to obtain heat-transfer coefficients at high Mach numbers, 
measurements of skin temperatures have been made in flight tests conducted 
by the National Advisory Committee for Aeronautics on a parabolic body 
of revolution of fineness ratio 12.2. The model, known as the NACA RM-10, 
was rocket powered and fin stabilized. The tests were made at the Pilotless 
Aircraft Research Station at Wallops Island, Va . 
The Mach number range covered in these tests was approximately 1.0 to 
3 .6. The Reynolds number range based on free-stream conditions and dis-
tance a long the axis of the model from the nose to the measurement station 
was appr oximately 6 x 106 to 150 x 106. Heat-transfer data are presented 
for flight tests from four models. 
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SYMBOLS 
surface area, sq ft 
Mach number 
velocity, ft / sec 
loca l aerodynamic heat-transfer coeffiCient, 
Btu/(sec)(sq ft)(OF) 
time, seconds from start of flight 
specific heat of air at constant pressure, Btu/slug 
OF 
~ -------
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P 
k 
T 
T 
Nu 
R 
RF 
F 
density of air, slugs/cu ft 
thermal conductivity of air, Btu/(sec)(sq ft)(OF/ft) 
wall thickness, ft 
viscosity of a ir, slugs/ft-sec 
Btu/lb 
specific heat of wall material, of 
distance from the nose along the axis of the body, ft 
density of wall material, lb/cu ft 
0 temperature, R 
Nusselt number, dimensionless, he7)k 
Stanton number, dimensionless, he/CpPV 
Prandtl number, dimensionless, cJ?/k 
Reynolds number, dimensionless, pV"L/1J. 
recovery factor 
dimensionless parameter (ref. 12) 
boundary-layer thickness, ft 
NUO Nusselt number, dimensionless, heO/kv 
average skin-friction coefficient 
3 
x axial distance a long model from maximum-diameter station, in. 
y radius of model, in. 
emissivity of polished magneSium, 0.38 
emissivity of oxidized magnesium, 0.80 
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Subscripts : 
o 
v 
s 
aw 
w 
r 
i 
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emissivity of oxidized a luminum, 0.18 
Stefan-Boltzmann constant, 0.483 X 10-12 Btu/( sec) (sq ft)(OR)4 
flight -path angle, deg 
undisturbed free stream ahead of model 
outside the boundary l ayer 
isentropic stagnation 
adiabatic wall 
condition of material pertaining to the skin of the test 
vehicle 
condition of material pertaining to the wall of the rocket 
motor 
incompressible 
TEST VEHICLES 
The general configuration of the RM-10 test vehicle is shown in 
figure 1. The body is bas ica lly a parabola of revolution having a maxi -
mum diameter of 12 inches and a fineness ratio of 15; however, the stern 
was cut off at 81. 3 percent of full length to allow for the installation 
of the rocket motor. This resulted in an actual fineness ratio of 12.2. 
Four untapered stabilizing fins wer e equally spaced around the afterbody. 
They were swept back 600 with a total aspect ratio of 2.04 and had a 
10-percent- thick circular-arc cross section normal to the leading edge. 
The design was chosen to att a in a high degree of stability which insured 
testing near zero angle of attack . 
The RM-10 test vehicle was designed for heat - transfer investigation. 
This was accomplished by minimizing the internal structure by maintaining 
sea- level pressure wi thin the model during the flight. Figure 2 shows 
the interna l construction of the models. The models were all metal and 
utilized spun magnesium-alloy skins. The thickness of the skin for each 
station at which temperature measurements were made is shown in table I. 
The surface roughness of the models was less than 60 microinches from 
peak to valley as measured by a Brush surface ana lyzer with a stylus of 
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0.0005-inch radius. The case of the rocket motor in the model has a 
temperature rise of approximately 500 F; estimates were made and it was 
found that this rise was not sufficient to affect the accuracy of the 
temperat~e measurements. Figure 3 is a photograph of the model and 
booster configuration on the launcher. The model is propelled by a two-
stage propulsion system, the booster forming the first stage and the 
rocket motor within the model forming the second stage. 
INSTRUMENTATION 
Skin-temperature measurements were made by means of resistance-type 
thermometers cemented to the inner surface of the skin. These thermometers 
were made of fine platinum wire 0.0002 inch in diameter. Reference 5 
gives a complete description and development of the temperature pickup. 
The trajectory of the models was measured with an NACA modified 
SCR 584 radar theodolite and the flight velocity by a CW Doppler radar 
set as described in reference 6. Measurements of the atmosphere at the 
time of the tests were made with a standard radiosonde whose altitude 
wa s measured with the SCR 584 radar theodolite. A longitudinal acceler-
ometer within the model was employed to extend the velocity measurements 
beyond the range of the Doppler radar. Data from the accelerometer and 
from the resistance temperature pickups were telemetered to a ground 
receiving station during the whole flight. 
METHOD AND TESTS 
The model was boosted to a Mach number of approximately 1. 5 by a 
booster consisting of two 6.25-inch ABL Deacon rocket motors which sepa-
r a ted from the model after burnout. A period of coasting followed, after 
which the 6 .25-inch Deacon rocket motor carried internally in the model 
ignited and propelled the model to a Mach number of approximately 3.6. 
As a result of this staging arrangement, higher Mach numbers than those 
presented in reference 4 were obtained. The Deacon motors are described 
in reference 7. 
The transient conditions of the test vehicles were particularly 
suited for obtaining aerodynamic heating and heat-transfer data because 
of the large heat flow to the body compared with other heat losses such 
as r adiation and conduction along the body. The skin temperatures were 
continuously recorded by the resistance-type pickup and telemetered to 
a ground receiving station during the flight. From these data and from 
radiosonde observations, radar tracking, and the thermodynamic properties 
of the air and the skin, the heat-transfer coefficients were calculat ed. 
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The variation of Reynolds number per foot with Mach number, based 
on free-stream conditions, is shown in figure 4 for models A, B, C, 
and D. 
Heat-transfer data for transient conditions at high Mach numbers 
such as were encountered during the flight tests of these vehicles is 
determined by making the following heat balance: 
T 4 _ T 4 
w r (1) 
The first term is the heat convected from the boundary l ayer to 
the skin. The radiation from the model to the atmosphere is given by 
the second term. The third term is the heat r adiated from the internal 
surface of the model to the rocket motor by the method of reference 8. 
The heat absorbed by the skin is the right-hand side of the equation. 
Th~ solar heat transfer was omitted because for the worst condition it 
had less than 2 percent effect on the heat - transfer coefficient. The 
thermodynamic properties of the air obtained from reference 9 were 
employed in reducing the data and are shown in figure 5. The specific 
heat of magnesium shown in figure 6 was obtained from reference 10. 
Every term in equation (1) is known except the adiabatic wall temper-
ature Taw and the heat - transfer coefficient he' In order to obtain 
Taw' it is first necessary to determine the recovery factor. 
The recovery factor is defined as the ratio of stagnation rise to 
the temperature just outside the boundary l ayer attained by an insulated 
wall. As the stagnation t emper ature outside the boundary layer i s con-
stant throughout the flow, the recovery factor may be written as 
RF (2) 
If radiation and conduction were absent at t he peak of the skin 
temperature, no heat would be transferred and thL skin t emperature and 
adiabatic wall temperature would coincide. For these te~ts , conduction 
along the skin was found to be negligible but radiation ~d a maximum 
effect of 2 percent on the recovery factor . To account for this, equa-
tion (1) wa s solved for Taw - T,. by assuming a valt..e f or the heat-
transfer coefficient for the time of peak temperature . 
By assuming that the measured recovery f act c. was constant through-
out the flight, the adiabatic wall temperature was ca lc'" ~.ted f T RTJY 
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time throughout the flight by resolving equation (2), where 
Taw = RF(TS - Tv) + Tv 
7 
The static and stagnation temperatures are known throughout the flight. 
The heat-transfer coefficient is then calculated by resolving 
equation (1), where 
and all other terms are as explained previously. 
RESULTS AND DISCUSSION 
Recovery Factor 
(4 ) 
Figure 7 presents the variation of skin temperature with time for 
a typical temperature measurement station. The skin temperature starts 
to increase during the boosting period and reaches a first maximum of 
approximately 1500 F during the first coasting period. At 13 seconds, 
the sustainer rocket motor is ignited and thrusts for approximately 
3. 5 seconds, during which time the skin temperature starts to rise rap-
idly. A second peak temperature occurs at approximately 22. 5 seconds, 
followed by a gradual decrease in skin temperature with time. At these 
peaks of skin temperature, the effects of surface conduction were calcu-
lated and found to be negligible. The measured skin temperature at the 
peak corrected for radiation is then equal to the adiabatic wall temper-
ature, and, since the static and stagnation temperatures are known, the 
recovery factors can be calculated . 
Measured recovery factors are shown in figure 8 plotted against 
longitudinal distance from the nose. Results for models A, B, C, and D 
are compared with the theories for laminar and turbulent flows, expressed 
as Pr 1/2 and Prwl/3, respectively, based on wall temperature. These 
. w 
theoretical lines represent an average value of Prandtl number for wall 
temperatures between 6000 R and 9000 R. If the theoretical recovery 
factor were presented for each station or wall temperature, the theoretical 
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recovery factor would vary approximately 1 percent from the average line 
shown in figure 8. Recovery factors are presented for models A, B, C, 
and D. Despite this apparent indication of the presence of laminar flow 
on a recovery-factor baSiS, the heat - transfer data, as will be shown 
later, compared favorably with the results for turbulent heat transfer 
presented in reference 4. In addition, the Reynolds numbers for these 
stations were of a magnitude that would indicate that turbulent flow 
was present. As shown in figure 7, the stagnation temperature used in 
calculating the recovery factor varied rapidly with time. Therefore, 
the selection of the exact times at which the skin-temperature peaks 
occurred influenced the magnitude of the stagnation temperature used in 
the equation for recovery factor. The absence of sharply defined peaks 
in the curve for variation of skin temperature with time for some of the 
models contributed substantially to the scatter of the points shown in 
figure 8 . 
Heat Transfer 
Although the measured recovery factors cannot be accepted as being 
the-values characteristic of turbulent flow, the effect of small vari-
ations of recovery factor on the heat-transfer coefficient was small for 
most of the data presented. This can be seen from figure 7, since the 
heat - transfer potential used in calculating the coefficient was the dif-
ference in temperature between the wall and the adiabatic wall. A small 
change in recovery factor would cause a small change in the adiabatic 
wall temperature, and since the bulk of the data presented is for the 
time when the temperature potential is great (i.e., when values of 
Taw - ~ are large), the effect of any variation in recovery factor on 
the heat- transfer coefficient would be small. The flight data pertinent 
to the heat - transfer measurements is presented in table II for all models. 
Correlation I 
Model A.- Aerodynamic heat- transfer data obtained during the flight 
test of model A is presented in figure 9(a). The heat-transfer data for 
the six stations are correlated on a dimensionless basis of the Nusselt 
number divided by the cube root of the Prandtl number, expressed as a 
function of Reynolds number. The air properties are based on local flow 
conditions just outside the boundary layer. Correlation of previously 
published heat-transfer data (ref. 4) from investigations conducted on 
the RM-10 is indicated by the dashed line shown in figure 9. Despite 
the scatter apparent in the data, a new fairing of the data points for 
all models tested (solid line) does not differ markedly from the old. 
At high Reynolds numbers, the Mach number is also high and most of the 
data points are lower than the correlation, which indicates a possible 
reduction in heat transfer due to Mach number. It was ~lpossible for 
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these test conditions to isolate any of the variables affecting the 
heat transfer such as Mach number, Reynolds number, and the heating 
condition Tw/Tv' 
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Models B, C, and D.- For clarity, models B, C, and D are shown in 
figure 9(b); however, the faired curve for the data is that for all four 
models. Heat transfer was measured at stations 85 and 117 for model B, 
and the values are correlated in the figure on the same dimensionless 
basis as wa s used for model A. The data are in agreement with the faired 
line from this investigation. As the Reynolds number decreased during 
the decelerating flight, the data crosses the line, so that at the lower 
Reynolds number for each station the heat transfer was higher than the 
line. As with model A, the line can be used to predict skin temperatures 
during the flight test with good accuracy. 
The heat transfer for the 122-inch station on model C is presented 
in figure 9(b). Data points are presented for both coasting portions 
of the flight (flagged symbols are for first coast). The results indi-
cate a reduction in the heat transfer of approximately 16 percent below 
the faired line during the second coasting period, whereas the first-
coast results are approximately 10 percent higher than the faired line. 
Station 18 on model D yielded heat-transfer data during the first 
coasting portion of its flight test which was approximately 12 percent 
higher than the faired line. During the second coast, the data correlated 
well with the line. It is of interest to note that the data taken at the 
same Reynolds number differ for the first and second coasting periods 
by approximately 20 percent for both models C and D. This suggests a 
Mach number effect, as the Mach number for model C for which data are 
presented varied from 1.43 to 1.14 for the first coast and 3.18 to 2.8 
for the second coast. For model D the Mach number varied from 1.46 to 
1.04 during the first coast and from 3.4 to 2.36 for the second coast. 
The ratio of ~/Tv for both models is approximately 1.2 for the first 
coast and 1.8 for the second coast. For this variation of ~/Tv the 
theory of reference 11 predicts only a small change in heat-transfer 
coefficient; however, the change corresponding to a Mach number change 
from 1.2 to 3.0 according to this theory is approximately 16 percent, 
which is in accord with the experimental results. Despite some possible 
effects of pressure gradient, it is felt that the significant change 
between the data for the first and second coasts is due to Mach number. 
A comparison of the skin temperature calculated from the faired line 
with the measured skin temperature for a typical flight test is shown 
in figure 10. The comparison is made for the flight conditions of station 
125 of model A. The measured heat transfer for this station had approx-
imately a 10 percent deviation from the faired line, which is shown to 
yield a maximum temperature difference of approximately 300 F. Within 
the Mach number and Reynolds number range of the flight tests, therefore, 
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the faired line would be sufficiently accurate for determining the skin 
temperature. It is felt that because these tests are for a higher Mach 
number than those of reference 4, and hence for a greater Mach number 
effect, the faired line of the data for this investigation would give 
more accurate heat-transfer coefficients over the Mach number range cov-
ered by these tests. 
Correlation II 
A theory for correlating the heat transfer in a compressible flow 
was presented in reference 12 which expressed the heat transfer as a 
function of Nusselt number, Reynolds number, Mach number, and surface 
temperature. The Mach number and temperature effects were incorporated 
in a factor F, which enables the theoretical heat transfer from a tur -
bulent boundary layer having a 1/7-power velocity profile to be expressed 
by the equation 
The length term used in the Nusselt and Reynolds numbers was the boundary-
layer thickness. Figure 11 presents the heat-transfer data for models A, 
B, and C on this basis. Models B and C which were, respectively, models 
5 and 3 of the tests reported in reference 13, had a boundary-layer total-
pressure rake located at stations 117 and 122, respectively, which yielded 
measured values of boundary-layer thickness. The boundary-layer thickness 
for stat ion 125 on model A was obtained from a flight test of a similar 
model having the same trajectory. The boundary-layer thickness for sta-
tions 50, 68, 85, 100, and 110 on model A was determined by using 
reference 14 to obtain the variation of momentum thickness with axial 
distance, and relating the momentum thickness to the boundary-layer 
thickness according to reference 15 . The data for all models are in 
agreement with the theoretical line. Because of the great amount of 
work involved in obtaining the boundary-layer thickness, the comparison 
with the theory is made only for the second coasting period. 
In both methods of correlating the heat transfer, average scatter 
is of the order of 10 percent, indicating no distinct advantage in either 
correlation method. However, in calculating surface temperatures, the 
method of figure 9 is decidedly easier than that of figure 11 because of 
the necessity of determining the boundary-layer thickness in the latter 
method. 
- --- - ---~ ----
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Reynolds Analogy 
The interrelationship between skin friction and heat transfer, as 
expressed by the modified Reynolds analogy of reference 16, can be shown 
by the equation CH = 0.6cF for surfaces subjected to flows having a 
Prandtl number of approximately 0.72. This equation was essentially 
constant over the Mach number range from M = 0 to M = 5. In con-
junction with the heat-transfer program, skin-friction measurements have 
been made on six RM-10 bodies having approximately the same trajectory 
as the heat-transfer models (ref. 13). The skin-friction measurements 
were average values measured by means of a boundary-layer total-pressure 
rake installed at the l25-inch station! Consequently, an experimental 
comparison of the measured average skin friction and the average heat 
transfer could be made by utilizing the modified Reynolds analogy stated 
above to obtain average skin-friction coefficients. Model A of the 
current investigation had a sufficient longitudinal distribution of 
local heat-transfer coefficient to enable the integration of the local 
heat-transfer coefficient over the body surface area, thereby obtaining 
an average value. The average skin friction was then calculated by the 
modified Reynolds analogy. The results are shown in figure 12 as 
Cf!Cfi' the ratio of the calculated average friction data of model A 
to the incompressible average skin-friction coefficients given in refer-
ence 17. The solid lines represent the results of the skin-friction 
investigation reported in reference 13, with each line corresponding 
T -~ to a particular temperature condition as expressed by the ratio ~T~a~w---_-=T~. 
aw v 
Development of this heating parameter is discussed in reference 18. The 
value of the temperature parameter Taw - Tw for model A, based on 
Taw - Tv 
flow conditions at the station corresponding to the average surface area 
of the model, varied from 0.72 to -0 . 25. The heat-transfer data points 
are seen to possess the same trend with heating condition as that estab-
lished by the solid lines, and in general are in good agreement with the 
results from the skin-friction investigation. This agreement indicates 
that the theoretical relationship of the Reynolds analogy as presented 
in reference 16 is in accordance with the experimental results . 
CONCLUDING REMARKS 
Experimental heat-transfer coefficients have been measured from 
flight tests of four parabolic bodies of revolution (NACA RM-10). The 
Mach numbers covered by the tests were from 1.0 to 3 . 6 and the Reynol ds 
numbers were 6 X 106 to 150 X 106, based on axial distance from the nose 
to the stations where the skin temperature was measured . 
12 
The results indicate that although the measured recovery factors 
were lower than the theoretical turbulent recovery factor, the faired 
curve of the measured heat transfer agreed within 12 percent with the 
previously determined turbulent heat-transfer measurements made on two 
RM-10 models. These data, when correlated by use of a Nusselt, Prandtl, 
and Reynolds number relation, agreed with a faired line with a mean 
scatter of approximately 10 percent; The effect of this scatter on the 
skin temperature was shown by a comparison of the measured and calculated 
skin temperatures to yield an agreement within 300 F at peak temperature. 
It was indicated that the difference between the heat-transfer data 
taken at approximately the same Reynolds number but at different Mach 
numbers was due primarily to the effect of Mach number on the heat 
transfer, rather than to the heating condition. 
The heat - transfer data were also correlated with a theory by Donaldson 
for heat transfer in a compressible flow which utilized the boundary-
layer thickness as the characteristic length in the Reynolds number and 
Nusselt number (NACA RM L52H04). The measured heat transfer had a mean 
scatter of approximately 10 percent from the theory. 
The relation of heat transfer to skin friction was experimentally 
found to agree with the theoretical relationship established by Rubesin 
(NACA TN 2917), which stated that the Stanton number was equal to 0.6 
of the skin-friction coefficient. 
Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va . , December 13, 1954. 
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TABLE I. - SKIN THICKNESS AND LOCATION OF 
MEASUREMENT STATIONS 
Model Station, Skin thickness , in . in. 
D 18 0.0845 
A 50 .0906 
A 68 .0906 
A 85 .0906 
B 85 .098 
A 100 .084 
A 110 .084 
B 117 . 104 
C 122 .092 
A 125 .084 
TABLE II. - SUMMARY OF PRESElm:D HEAT- TRANSFER DATA 
T. , I Vo' I Po, 1 TV' ~ ft/sec slugs/eu ft Of{ To, "R Vv ' I Pv ' 1 M., ft/see slugs /eu ft Station, /Time , I Mo 1n . see Ta .... ' "R T", "R dT" "dt' 
"F/ •• c 
h" 6 , ft NUl Nua 
Model. A 
50 I 4 1.47 520 .6 744·7 1, 644 2.045 X 1O-} 52}·7 1, 6}} 2.076 x 1O-} 1.45 716.0581.4 20.4 O. O}}O ·- ----- }.~2 x 1d' ----------
8 1.19502 .8 644.0 1,}04 1.72} 504.4 1,298 1.~7 1.18 52j .9617·} 1.1 .0288 ------ } . O} 
11 1.0} 492.5 596.2 1, 1171.544 49}·4 1, 11} 1.548 1.02 582.861} . 0 -}. 5 .0258 ------ 2.80 ----------
17 } .68 441.4 1,6}6.} },795 1.047 465·2 },754 1.194 }.54 1,487.6 S}5 ·9 86.8 .0}16 0.0156 }.56 1.54 x 102 
18.5 }.47 419.} 1,428.5 },487.880 4}9 ·4 },454 ·987 }.}5 1,}02·9 926·5 40.8 · 0258 ------ } .07 ----------
20 ~ . }1 ~97 · 2 1, 266.0 },254 ·748 414 .4 ~,201 .S}1 ~ . 21 1, 157·8 966 .7 15.5 .02D7 .01}92.59 . 86 
22 }.12 ~78.0 1, 1l}.0 2,975 ·594 }92.5 2,907 .651 }.O} 1,021.5981.9 1.6 .016} ------ 2.12 ----------
24 2·90 ~78.2 1, 015.2 2,769 .455 }90.5 2, 742 . 49~ 2.S} 9}5 ·9 980·4 - 2.8 .01}} .008 1. 75 .}} 
27.8 2·58 }B2.~ 890.5 2,479 . 2S} }91.6 2,457 . ~01 2.5} 828.0961.4 - 6.1 .0096 .02}21.26 · 70 
68 4 1.47 520 .6 744 .7 \1, 644
1
2.045 1518. 01 1,652 2.024 1.48 717 · ~ 5~ · 4 19·9 ·0291 ------ 4 .12 ----------8 1.19 502 .8 644.0 1, ~04 1 i2~ 500.2 1 1,~17 1.702 1.20 626 . 6 606 .0 2.2 .02}0 ------ ~ . }O ---.------
11 1.0~ 492 ·5 596·2 1,117 1.544 489· 7 1,1}0 1.522 Lei! 5S}·} 605 ·2 -2.1 . 0195 ------ 2.89 
17 } .68 441.4 1, 6~6.~ ~,795 1.047 450.7 },776 1.107 } .62 1,457. } 789 .5 79·7 .0281 .0}52 4.48 2 .74 
18.5 }.47 419 ·} 1,428.5 ~,4d( . 080 426.2 } , 4~ ·928 }.42 1,277.2 870 . 8 ~5 . 6 .0214 ------ ~.54 ----------
20 }.}1 ~97.2 1,266.0 },254 ·748 40}.1 3,222 ·775 }.27 1,1}5.7 907·5 16.} .0172 . 0~}6 2.99 1.77 
22 }.12 ~78 . 0 1,11}.0 2,975 
·594 }82.} 2,966 .611 } ·09 1,002.7 927·5 4·9 . 01~2 ------ 2·}9 
24 2.90 }l8.2 1, 015 .2 2,(69 .455 }81.2 2, 76~ .46~ 2 .88 919 ·5 929.8 -1.2 .0100 ·0294 1.82 ·94 
21.8 2·58 }82.~ 890·5 2,479 .2S} ~S} · 5 2,477 .285 2·57 814 .8 920 . 0 -}. 4 . 0066 . 0}97 1.19 .84 
85 I 4 1.47 520.6 744·7 1,644 2.045 514·5 1,667 1.985 1.50 6S} .8 568.4 l7.6 .0~}5 ------ 5.96 ----------
8 1.19 502 .8 644.0 1,~04 1. 72~ 497-8 1,"0 1.680 1.21 605 ·4 597·9 ·9 .02}2 ------ 4.17 ----------
11 1.0~ 492 ·5 596·2 1, 117 1.544 488.0 1,140 1.509 1.05 567 ·7 595 ·2 - 2.0 . 0164 -. ---- ~.05 ----------
17 ~.68 441.4 1,6}6.} },795 1.047 454·8 },805 1.010 }.72 1,4}2.} 76}.1 64.1 .0219 ·0549 4.50 }.47 
18·5 }.47 419·} 1,428.5 ~,487 .880 412 .6 },499 · 85~ }·51 1, 256.1 8~5 · 8 }0. 2 . 01S} ------ }.88 ----------
20 }.}1 }97.2 1,266.0 },254 ·748 }9O·5 },246 .719 }.}5 l,1l7·5 869 · 1 16.0 .0154 ·0525 ~.44 2·55 
22 } . 12 }l8.0 l,ll.}.O 2,975 ·590 }71.4 2,988 .571 }.16 987.2 888.6 4.8 . 0122 ------ 2.S} ----------
24 2·90 ~78.2 1, 015 · 2 2,769 .455 }71·4 2, 7S} .4}6 2·94 905·7 891.1 - 1.2 ·0098 .04S} 2.28 1.55 
21.8 2·58 }82 . ~ 890·5 2, 479 .2S} }75·4 2,496 .271 2.62 888.4 88} .} -2. 4 .0062 ·0558 1.4} loll 
100 1 4 1.47 520 .6 744·7 1,644 2.045 512 .4 1,674 1.965 1.51 709·9 574 · 0 19·2 .0268 ------ 5.60 ----------
8 1.19 502.8 644.0 1,~04 1. 72~ 496 ·4 1,}~5 1.670 1.22 621·9 606.1 1.4 . 0194 ------ 4 .11 ----------
11 1.0} 492 ·5 596·2 1, ll7 1.544 486·9 1,145 1.499 1.06 579 ·8 602.1 -~.2 . 0158 ------ }.45 ----------
17 } .68 441.4 1,6}6.} }, 795 1.047 "17.5 },B25 ·945 }·79 1,451.0 775 ·9 6~ · 5 . 0198 . 0757 4 .87 4.41 
18·5 }.47 419 ·} 1,428 .5 ~,"87 .880 401.6 ~,518 . 79~ }.58 1,272.4 849·~ }6." .0174 ------ 4.45 
20 }.}1 ~97·2 1,266.0 ~,254 ·748 }81.2 },26} .679 }.41 1,1}1.5 887 ·7 16.7 .0151 .0717 4.02 } . 44 
22 }.12 }?8.0 1,1l}.O 2,975 ·594 }6}.6 ~,004 .540 }.21 999 ·1 905 ·5 4.2 .0122 - ----- }.}8 
24 2·90 }?8.2 1,015·2 2,769 .455 }64·7 2,798 .417 2·98 916.} 909 ·1 -.4 ·0096 .0676 2.67 2.16 
27.8 2 ·58 }82.~ 890· 5 2,479 .2S} }l0.2 2 , 509 · 259 2.65 812.} 900.} -}.4 ·0058 . 072~ 1.59 1.}? 
110 1 17 }.68 441.4 1,6~6.} },795 1.eI!7 414 .} },8}7 ·909 }.84 1,419·1 759·3 65.6 .0202 ·0931 5·56 5·65 
18·5 }.47 419·} 1,428.5 ~,487 .880 395·2 },5}1 · 760 ~ . 62 1,24~.8 828 . 0 }0.6 . 0160 ------ 4·57 
20 ~.~1 }97·2 1, 266.0 },254 .748 }75·7 },2~ . 656 ~.44 1,106.4 862 ·7 15 ·0 .0129 .0882 } .85 ~.68 
22 ~.12 ~78.0 1,11~.0 2,975 ·594 }58·9 },014 ·522 }.25 977·1 881.2 4·9 ·0098 ------ } .04 ----------
24 2·90 ~78.2 1,015 · 2 2,769 .455 }6o.8 2,806 .406 } . 01 896·8 888.0 - .1 ·0074 .0829 2.29 2.08 
27-8 2·58 ~82.} 890·5 2,479 .2S} ~67·2 2,515 · 257 2.67 796.4 880.0 -1. 6 .00}9 ·0859 1. 19 1.11 
125 I 4 1.47 520.6 744·7 1,644 2.045 510 .4 1,685 1.949 1.51 702·5 566.~ 16.4 .0228 ------ 5·98 ----------
8 1.19 502.8 644 . 0 1,}~ 1. 72} 495· 7 1,}}8 1.66} 1.22 617·} 598·2 2.0 . 0192 ------ 5·14 ----------
11 1.0~ 492·5 596.2 1, 117 1.544 486 .7 1,147 1.494 1.06 576·5 597·0 -1 .6 . 0169 ------ 4.62 ----------
17 } .68 441.4 1,6~6.} }, 795 1.047 4e1!.8 },852 .845 ~.9O 1,462.7 759·8 5~·1 .0196 .1264 6·25 7 55 
18·5 }.47 419·} 1,428.5 },487 .880 ~87 · 4 ~ , 541 · 724 }.67 1, 281. 7 827·0 54.8 . 0159 ------ 5·26 
20 }.~1 ~97.2 1 , 266.0 },254 ·748 ~68 . 7 ~,285 .624 ~.49 1, 1}9·5 86~ · 9 15.5 .0129 .119} 4 .42 5.08 
22 }.12 }?8.0 1Jll~.0 2,975 
·590 }5~ . 4 ~ , 02" · 504 } .28 1,005·9 882 .8 5.2 .0100 ------ } ·57 
24 2·90 378 .2 1,015 · 2 2,769 .455 }56.2 2,816 ·~92 }.04 922 ·} 888.4 1.0 .0080 .1125 2.84 ~.06 
27.8 2·58 ~82 . } 890·5 2,479 .2S} I }6}.8 2,524 ·250 2·69 817·1 88~· 5 -2.} · 005~ .1145 1.85 2.0} 
F 1/} flo 
---- 0.896 }I.4 x 106 -----------
.897 25 .4 - --------- -
·898 19·9 ---------- -
1.48 
·900 5~. 7 2.01x 105 
·904 42·7 -----------
1.5} 
·902 54·9 1.16 
·904 25·2 -----------
1.47 .9O} 18.6 ·~5 
1.45 ·90} 10.1 ·56 
---. .896 50. 7 -----------
---- .897 54 ·5 
---- ·898 27 ·2 -----------
1.51 ·901 69 ·7 4.2} 
---- ·902 56 .1 
1.56 . 9O~ 45·5 }·69 
----
·904 54.1 ----- --.---
1.52 
·904 24.~ 1.27 
1.48 .904 1}.4 
·94 
---- .897 62 .8 -----------
---. .898 4}.2 --------.-. 
---- .898 54·1 
1.54 .901 82.0 6.}5 
---. .902 66·5 
1.59 .9O} 54 · ~ 4.0~ 
---. 
· 905 41.~ -----------
1.55 ·905 29·5 2.01 
1.49 .904 16.} 1 .28 
---- .897 ~.6 -----------
---- .898 50.8 -----.-----
.898 40.0 
1.56 .902 9}·2 8.47 
---- .9O~ 74 ·6 -----------
1.61 .904 61.9 5·54 
---- . 905 46 .8 -----------
1.57 .905 }}.6 2 . ~ 
1.51 .905 18.6 1.62 
1.57 .9O} 100.6 10.22 
.90~ 80 .0 
1.61 .9dl 66· 7 6.4} 
---- .905 50· 5 -----------
1.57 .905 }6·9 ~·54 
1.52 .905 20·5 1.92 
---- .897 92.2 
---- .898 6~ · 5 -----------
---- ·898 50.1 
1.59 .9O} 08.5 1~.15 
.9O} 88.} -----------
1.6~ 
·905 ~.5 1} .} 
---- .906 56 .2 
1.59 .906 40 ·7 4.28 
.53 ·905 22·9 2·51 
FXNue I Nu Prl/} 
-----------1}. 81 X Id' 
--------- -- }. ~8 
----------- ~.12 
1.99 x 102 ~.96 
----------- ~.40 
1.~2 2.87 
- ------- --- 2·~5 
.48 1.94 
1. 01 1.40 
----------l 6o 
----------- ~.68 
----------- }. 22 
-~::~------ I~ : ~j 
2·75 }.}1 
-----.- - --- 2.65 
1.4~ 2.02 
1.24 1 .}2 
------ - ---- 6.65 
----------- 4.65 
----------- ~.40 
5·~7 5·00 
4.}1 
4 . 0} } . 81 
----------- }.1} 
2.00 2.52 
1.65 1 ·58 
----------- 6·25 
----------- 4·59 
----------- }·85 
6·92 5·"1 
----------- " ·94 
5.54 4.45 
----------- } ·74 
} .40 2·95 
2.08 1 .76 
8.86 6.16 
----------- 5.06 
5·9} 4.26 
----------- } .}6 
} . 27 2.5} 
1·69 1.~2 
---------- 6.67 
----------- 5.72 
---------- 5·15 
.00 6·92 
5.S} 
8.27 4 ·89 
}·94 
4.86 }.1} 
~.10 2.04 
I-' 
0\ 
~ () 
:x:-
~ 
t-' 
':? 
t-' 
I-' 
Vl 
Station, I Time, I Mo 
in. sec 
85 12 }.45 
14 2·97 
16 2.6, 
20 2.26 
24 1.87 
}O 1.62 
il7 12 }.45 
14 2·97 
16 2.6} 
20 2.16 
24 1.87 
'0 1.62 
122 3.8 1.43 
6·5 1.20 
7-4 1.14 
17-8 }.18 
20.6 2.82 
23.5 2.49 
}O 2·09 
18 3.5 1.46 
5.0 1.}5 
8.0 1.14 
10.0 1.04 
16·5 }.22 
18.0 }.40 
22.0 2·77 
26 .0 2.}6 
}O.O 2.10 
To, 
"R 
489·8 
485 ·8 
472.2 
450.0 
4}0.} 
410.6 
489·8 
485·8 
472 .2 
450.0 
4}0.} 
410.6 
484 .7 
481.7 
481.0 
420.0 
}97·5 
401.2 
}86.6 
494·4 
49}·5 
487·8 
487.0 
.65·0 
454·4 
424.6 
404.8 
}95·9 
TABLE II. - SUMMARY OF PRffiENTED HEAT-TRANSFEfI DATA - Concluded 
Tso" I Vo' I Po, 1 Tv, 
"R tt/ •• e .1ug./ eu tt "R Vv ' I Py, I "v ft/ sec slugs/ cu ft 
1,~6.4 },755 1.559 X 10-} 482.1 },767 1. 512 x 10-} }.49 
1., 1..6 },207 1.}}4 477-4 },222 1. 219 } .01 
2,125.} 2, 807 2.19' 46, .8 2,824 2.142 2.67 
869 .9 2, 257 ·992 442.4 2, 276 ·952 2.29 
7}1·7 1,921 ·857 42}·9 1,941 .826 1.91 
626.7 1,61} .7}2 405·1 1,6}} ·707 1.65 
1, 656 .4 }, 755 1.559 456.} },806 1.}08 } .64 
1,}41.6 } ,207 1.}}4 458.6 },256 1.162 }.il 
1,125 .} 2,807 1 .19} 450.1 2'85} 1·059 2.75 
869.9 2, 257 ·991 4}4.1 2,297 ·906 2. 24 
7}1·7 1.J92l ·857 417 ·9 1,957 ·797 1.94 
626·7 1,61, .7}2 400.8 1 .645 .690 1.68 
1 
68}.7 1, 547 2·297 475 .5 1,581 2.191 1.48 
621.8 1, 298 2.017 474.6 1,}}0 1.944 1.25 
606.8 1, 230 1.9}6 474.5 1,261 1.870 1.18 
1,268.9 3,195 1.088 392 · 1 },246 .918 3·}4 
2,0}1.5 2,761 .81} }75·2 2,808 .706 2·96 
897.6 2,44} ·579 }82·9 2,487 ·516 2·59 
724·9 2,017 .}20 }7}.4 2,056 .291 2.17 
706.0 1,596 2.}18 507 ·1 1,548 2.460 1.46 
670.7 1,457 2.166 504 ·} lJ4ll 2.267 1.}4 
616.} 1, 244 1.956 496·2 1,20} 2.045 1.15 
59}·7 1.,132 1.822 494·5 1J091 1.899 1.05 
1,4}2.6 3,410 1.448 50}·} } ,344 1.761 } .22 
1,503·5 },550 1.291 494·8 },484 1.588 }·}9 
1, 07}·7 2, 794 ·978 451.9 2,7}5 1.144 2·76 
855.} 2,}28 ·776 425.2 2,276 .882 2.}6 
7}5 .0 2, 019 .629 412.5 1,969 
·696 2.08 
TaVJ 
"R 
1,527·2 
1,246.5 1 
2,052·5 
822·9 
702·} 
6ee . } 
1,548.4 
1,262.1 
1,064· 5 
8}0·7 
708.0 
606.4 
664.} 
608.2 
594·5 
1,196.1 
977-0 
854·8 
695·7 
67}.7 
644. 0 
597·} 
578.1 
1,265.} 
1,321.9 
961.8 
777-9 
677.0 
T,.., 
oR 
dT. 
"IT' 
OF/Bee 
Modd B 
he I 8, ft NUl NUs F 1Pt-1/} % F X NUs NIl Pr1/ } 
90·90 .0219 ------ 5.21 x 10ft ---------- ---- 0.899 lil4 .0 x 1c:f5 ----------- ---------- 5. 80 x 1d> 
}}.6 .0227 ------ 4.26 ---------- - - -- .899 8}. 2 ----------- ---------- 4·74 
755·0 
819 ·} 
=J:i :~~~ ~~~~~~ ~ : * ~~~~~~~~~~ ~~~~ :~ I ~:I ~~~~~~~~~~~ ~~~~~~~~~~ l~ 929·8 912.4 87}.7 808.} 
742.1 
85} ' 0 
899·8 
9O} .7 
871.7 
816.0 
6.69 x 102 11.42 85 .}1 .0264 0.0918 7·il }5.51·= ------ 6.02 
-6.} .0162 .1025 4.55 4.78 1.41 12.2 .0199 .10}} 5·4} 15.75 1.4} 
- 8·9 .01}1 .1125 3·19 4.}9 1.}8 
-9. 8 .0114 ·1125 }.42 , .95 1.'5 
Mode1. C 
5}8.5 17·0 .0272 ·0859 7.}9 6.27 1.09 
564.0 4.6 .eeoo 
·0900 5.43 4·77 1.10 
507 · 1 2.4 . 0184 .0875 5·01 4.}2 1.10 
729 ·8 }4.} .0162 .0891 5 ·14 4·54 1.46 
7S}·7 9·2 .0112 .08" }·69 }.02 1.46 
797·8 1.7 .008} .0891 2·70 2.}6 1.44 
791.4 -2.4 · 0050 -- ---- 1.66 ---------- ----
Model D 
549 ·5 }o.} .0458 - ----- 1.72 - --------- ----
581. 5 1}.1 .0}99 ------ 1.52 ---------- ----
596·2 - .} .O}}O ------ 1.27 ---------- ----
59}·0 -2.5 ·0297 -- ---- 1.14 --------- - ----
7}7·5 1}6.2 ·05" ------ 2.18 -- - -- - ---- - - - -
914.5 84.9 .0431 ------ 1. 79 ---------- ----
1,005.2 - 7·6 .0}01 ------ 1.}1 ---------- - - --
945·5 -18.0 . ee18 ------ 1.00 ---------- ----
879 ·5 -14.4 .0148 ------ ·70 - ----- - --- ----
.900 14}.4 
.900 108.0 
.900 88.6 
.901 62 .8 
.902 48·5 
.903 ,6.3 
·899 100 .• 
·899 74·7 
·899 68.} 
·90} 99 ·} 
·905 68·5 
·904 4}·7 
·905 21.0 
·898 14.4 
·898 12·7 
·898 9·8 
.899 8.} 
·900 2}.2 
·900 22.0 
·902 1} .4 
·90} 9·0 
·904 6.} 
1} .}7 x 105 9.54 x 102 7.91 
----------- - --------- 6·59 
9.21 8.24 6.04 
6.41 6·74 5.05 
5.47 6·09 4.20 
4 . il 5 ·}4 }·79 
8 .• 0 6·85 8.22 
6·58 5·25 6.04 
5.S} 4.7} 5·57 
8.67 6.62 5·85 
5.69 4.4} 4.20 }.84 } ·}9 }.07 
----------- ---------- 1.89 
----------- ---------- 1.92 
----------- ---------- 1.67 
------- ---- ---------- 1.40 
----------- ---------- 1.27 
----- - ----- ---------- 2.4} 
----------- ---------- 1.99 
----------- --- -- - ---- 1.46 
----------- --- ------- 1.il 
----------- ---------- ·77 
::r: 
~ 
::t> 
~ 
S 
+="" 
~ 
\.Jl 
f--' 
~ 
Sfa 
o 
y 
~. X-i 
Sfa 
90 
Y mQ)(.== 6 .0 
Clrcu/ar- orc profile, 
fn l cl\n9ss ratio:: 0./0 
S t a 
129 
t600 ~~ 
sto 
146.5 
Y =3.636 
35.88 
Figure 1.- General configuration of the NACA RM-10 model. Body profile 
equation) Y = 6 .000 - 0.0007407X2 . Station numbers denote axial 
distance from nose in inches. Dimensions are in inches. 
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Figure 2.- Internal construction of the NACA RM-lO model. 
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Figure 8 . - Measured recovery factors obtained during flight tests . 
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Fi gur e 9.- Correlation of heat t r ansfer f r om four fl i ght tests . 
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Figure 9.- Concluded. 
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Figure 10 .- Comparison of measured skin temperature with skin temperature 
calculated from faired line . 
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Figure 11.- Heat-transfer data obtained from flight tests A) B) and C 
and correlated with theory of reference 12. 
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Figure 12.- Comparison of average sldn friction calculated from modified 
Reynolds analogy with measured ave r age skin friction . 
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